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Survival &tt^M^^m^itB\ myocardial infarction: 
beneficial effects of loiife^term therapy with captopril 

Marc A Pfeffer, MVt>J?5Pri^D., JX'njcb M. Pfeffer. Ph.D., Cynthia Steinbero, B.S., 
and Peter Finn, M.D? ^Sjf 1 ' . 

for J l year p^or until spontaneous ^JfJ^^^TJ" 
determined by planimetry of serial hia-oiogic' secuons of the left ventricle. One yea survival n 
SSo-Sat<a JU decreased markedly i« direct relation to increasing size 





h infarcts 01 moderate size, m,v* f niwi * y*-** »«* — ~« ^ **. c — 

48% in the caDtouril-treated^rats. fhusl'hv this experimental preparation of myocardial infarction and 

u,hich we had p«viously»showr to improve left ventricular function and lessen dilatation in 

of chronic infarction. * • 

arcuhtioa 72, No. ^406^12,1985^ ' . 
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THE DIAGNOSIS of congestive- lieaxt^failure, has a 
grave prognosis,' 2 *n the Framingharn;, t St^dy, the 5 
year mortality rate was greater than 50%for ; individ- 
uals newly diagnosed as having cQriMcsri>h^5eart fail- * 
ure. 1 In more recent studies, the median ; sWviyal of 
patients with less clearly defined duratio^ of^entjici^ , 
lar dysfunction was often measured in^mmths^ pot g4 
years. 3 - 5 Although congestive heart failur&is a< s»yn-;pi 
drome that encompasses multiple etiologiejtf the sever-^ 
ity of the cardiac dysfunction appe^ri ;itf^y^rwt^^ 
prognostic significance than does .t 
disease/ The use of vasodilators, e5pfCifiljY^^«B i0 - yc 
tensin-convcrting enzyme inhibito/E^in ^l^ii^tj^?nt - 
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of patients with severe heart failure has led to an im- 
provement in functional capacity.^ 1 1 However, there is 
no evidence that these therapeutic interventions result 
in a prolongation of life in individuals with rather ad- 
vanced 1 cong^vc heart failure. 1W4 

Coronary ao<?ry ligation in the rat provides an ani- 
mal preparation of myocardial infarction in which a 
wide range of infarct sizes and left ventricular dysfunc- 
tion can be produced. 15 - 16 Since we have shown that 
captopril improves ventricular performance in this 
preparation oLheart failure,' 7 the present study was 
designed ( 1 ) Todeterrnine the relationship between size 
of infarction and long-term survival, and (2) to test the 
hypothesis dial'* therapeutic agent that has a beneficial 
effect on ventricular performance can prolong survival 
after experimental myocardial infarction. 

Methods 

Study Oesicn. Commercially obtained virgin female Wistar 
rals (Wcs^crsoy biological Supply), ranging in age from 16 to 
20 weeks, were housed in our animal facility for at least 2 weeks 
before opcratipn, Left coronary artery ligation or a sham oper- 
ation was performed in each by a previously described meth- 
od. ,5 « 16 Since thisTstudy was concerned with the chronic phase 
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Of mycelial infarction. 14 days after the ppe^Br^edurc,. 
° Survivors (302) were briefly .ancsthciized^^r 
ekclfocardioerams were obtained with a #f*^ t *F?"» i: 
£SSSm.« At thetimc of 

"ton tae was affixed to the nape of the neck of each rat. A 
bTiblock randomization process oca« 
mals toeimerplacebooreaptopril therapy groups. Th *ranuom 
teation nroeess w«$ stratified according to three arbitfary elr. 
Scarfio 8 «phic groups. The first gnjup^had '9** 
r„mnl« wiAout evidence of a pathologic Q wave in hmb leads 
iT&^™ond gwup bad a Q wave <* l.mV) In cither of 
££ l era^t mCuined a precordial* wave otal o 10 
mV or greater; and the third group had both abnormal imWead 
Qwalu and o sum of precordial R » a ve S ;that was 10 mV or 
Lis*. This electrocardiographic class.hcation'sysrem jas used 
nnlv in an attempt 10 maintain a balance ©ijrats.w.ih and without 
taE^iS Vebo and captopril groups, and not for the 
ubs™ survival analysis. which was performed «rt ?hc - 
histologic ^terminations of the size of myocardial .nfarct.on 

°" Animals w*re housed in clear polyethylene cajjes (up to a 
„J^of four mis acreage, ™d placed accordmg^™ 
aslienmem and time of entry into the study. All animals were 
atlowedXaccess to foodand the assigned therapy (water or 
caototwil 2 e/liter of drinking water). The ( rc*rnjwas«crnpeia- 
Z ^ aShumldiry controlled and Had a l^huda* ey A. 
The cage* were maintained on two racks.ieacb^which abutted 
one side of a double-sided laminar nowmnUXOenn hrcc Labo- 
ratories). Cages with animals 

were alternately placed on the rack. .An addition J -.^ra^ in 
which no operation was performed werp selected f rorr she san>c 
ShlDmcntS used for this study ^maintained concur.cntlyi*mh 
Suo> animals. Each animal w«tfpllowed U«»il Ml or for 
op to 1 year after the operative^ : pitcfedure..- -v« r m- 

Cages WCrt inspected for dead anun 0 ls;t*<ic£d a ,iy v on> weck- 
days and daily oiweekends and holidays; The date of each 
death was noted and the carcass was weijhed and-a gross post- 
mortem examination was performed ^c^horacc eon«n« 
were removed cn bloc and pUeed in formahnvfelong with the 
metal identification ta 8 . This iacntification ntTmber which m 
itself did not discriminate between the therapy. »™ 
in all subsequent patholo 6 ic process.ng. Aj^JW' 'J^ 1 
after infarction were anesthetized with ether .and W tan .of 
each was arrested with intravenous KC1. The same coded f .,»,,> 
logle evaluation was performed on these animal* i-a»\ww « on 
ducted on all spontaneous deaths. s. ' V r>> 

Pathology. The formalin-fixed lungs were dissected from 
heart and examined for areas of consolidation. Tru 
scoring system for thoracic infections wavapplled tC-pJCh peel- 
men: grade I. no gross infection-, grade VM^^M* 
consolidation involving less than one-third of thesis: ated U ng 
vo"»nd grade 3, W «-W of-consoliaation>.nvolv S ng 
more than one-third of the estimated lung-volume orf diffuse 
thoracic infecdon without localization. Theheart v.«s examined 
and the atria and great vessels were trimmed from the yentrtc.cb. 
The right ventricular free wall was dissected rromjdw etx.v.nin. 
cle and both ventricles were weiBtedjscparately ..Tfcsjeit w- 
clc was dehydrated in a Jcohol,'.ele«!!edjin;xylene.'and.cmbedflca 
in paraffin. Transverse 50 Mrn.sfttipnS;Were,cui from the apex 
to the base orihe left ventricle, cvcryjtwsntie^seetion of which 
(reprcsendng 1 mm intervals). was &BBff&#* s«uncd w i n 
Masson's trichrome from which hematoxylin was omitted to 
provide a clearer discrimination bctweenf-fibrous scar and 

muscle. 'f- ,. 

A slide of each section then was' projected onto a screen tcr 
the planimetrtc measurement (Numonics Corp.) of sue of in- 
farction. The endocardial and cpicardial circumferences ,nt we!.; 




as the lengths of scar for each of those surfaces were measured 
for each section/The lenfiths of scar and of circurnfercncc were 
summed separately for each of the cpicardial and 
surfaces and the sums were expressed as a ratio of scar length to 
vSeultr circumference for each surface. These two ratios 
were then averaged and expressed as a percentage to define isae 
Of inraretlon. Since serial sections of the enure left ventricle 
were evaluated, the size of infarction determined represent the 
percent of the left ventricular endocardial and cpicardial surface 
areas occupied.by fibrous scar tissue 

Statistical analysis. The following four previously deter- 
mined deifications of size of in^ tio % wc J°?* 
aniivsis'.noninfarctcd, 4.99% or less; small, S«t to 19-99%. 
ScrLic zO% to 39.9994; and large, dO% or more of the left 
ventricular surface area occupied by fibrous scar tissue, a onc- 
wav analysis Of variance was used to determine whether me 
randomization p ,bcess resulted in groups that were matched for 
ace arid body^emht at the time of operation. The t test was used 
to test for matched treatment (water to captopnl) groups within 
each of the four categories of size of infarction wuh respect to 
these variable, hog-hnk tests were conducted to determine 
whether size of inraretlon altered 1 ^ar survival ,n the 
eroup. in these untreated rats, the effect of size of infarction also 
was anaWeed as a continuous variable using the COX model to 
calculate the relative risk of 1 year mortality with increasing 

'"Smparisoas of survival in untreated and captopril-ireated 
„ts were ^performed separately by log-rank tests for all of 
the rats with and without infarction. Similar analyses were per- 
formed for each of the three groups based on S.ze of infarction. 
Since potential differences in rates of thoracic Infections could 
have contributed to a possible alteration in ^ 
suits in animals with a thoracic infection score of grade 3 were 
treated as censored observations and the log-rank tests for com- 
parisons [between treatment groups were repeated w ay*™* 
analysis.: An additional log-rank analysis of 1 year surv.val in 
the rats ^lthoiisf infarction that either did or did not undergo 
operation was also conducted. 

£ 

Results 

SSven (irije'e untreated and four captopril-treatcd) of 
the 302 animals entered intD the study were excluded. 
One rat died' during the brief interval between ran- 
domization and placement into the therapy cage, and 
in six 0lhei\anirnal5 the determination of size of in- 
farction wasioot possible because of postmortem can- 
nibalization.. , 

The randomization process -produced a balance De- 
twern the therapy groups with respect to both the sam- 
ple size and the distribution of infarct sizes in each 
classificatioh'Ctable 1). At the time of operation there 
' were no significant differences in age between the ther- 
apy groiips jorany of the infarct Size classification!; or 
among the untreated rats with infarcts of different 
Sizes. Howe /cr, among the groups of captopril-treated 
rats with infarction there was a significant difference in 
age (of about" 1 week) that was of questionable biologic 
significance. There were no significant differences in 
body weight among the groups for any of the infarct 
size clasiiftpations (table 1). 
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TABLE 1 

Fhyrical characteristics and distribution of vith aiid vlthout 

infarcts In the various groups ■ 

' infarct . 



No infarct Small Moderate Urge 



Sample size (No.) 

CAP 
Infarct sise (&) 
H a O 
CAP 

Ace (weeks) 
H2O 

CAP 
Body weight (fi) 

CAP 



62 
63 

0 
0 

20.5 = 0.3 
20.7 = 0.3 

IPS ±4 
295 ±4 



15 
13 

12.7=1.4 

20.6 ±0.6 
20.8 ±0.6 



29 

33.A±Q.fi 
33,1=0-?, 



40 
37 

47.3-0. 
46.4=0 



7 .1 
1 



2B2 = 6' Z96=« 



Results are expressed as n>eao — SEM. , 

HaO = untreated raw: CAP ■= captopfil-i^aica r*t« v -* 

t> < .05 compared with "no infarct" {^"ip- 

Within either treatment group the I year mortality 
for the sham-operated rats was ndtisigl^^aritly differ- 
ent than that for rats that did not un&ergo operation. 
The "all causes," 1 year mortality for the rats assigned 
to water only was increased (p < .0001) as a function 
of size of infarction (figure 1). The median survival for 
the animals without infarction was greaterjban the 36J 
day observation period and was therefore undefined.:* 
Animals with small, moderate, and large^mf arsons 
demonstrated reduced median survival durenons of 
360. 228, and 146 days, respectivdy^to v^ese an> .* 
mats, the relative risk of death inCTea^lirc^ssiveiy \ 
with increasing size of infarction ;(fig^e72). Unseated. r . 
rats with infarcts of between 20% :^%i^^amea 
the smallest infarct size group to have ablative ri.sk 
that was significantly greater (p :, < 01) than that in rats 
without infarction. The risk of deatli increased steeply 
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61 



304 " 365 

-■TP" - * 



122 163 243 
DAYS POST- MI {) . 
FIGURE 1. Survival of untreated auimul* wi&ouQnfa^un acthof 
ihote. in the three predetermined iofeitt siz# ; gr<^^imiU. tp r K & , 
19.99%: moderate. 10% to 39.9%; and [m^^^^y^v^i^ 
surface). ^\|, ^'f^h* ." 
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SO 



60 



20 30 40 

MI 3IZE(%) 
FIGURE 2. Risk or C&atn for untreated raw wftn infarction relative to 
operated rais wicnow iuftrcdon (infarct *irc, 0%). The median value of 
eight categories nf aixc of infarction was used 10 deflee Ih* reloHve risk 
of death fur animate with infarcts. 

as infarct size increased and became 22- 6 times greater 
in untreated rats with extensive (>50%) infarctions 
than in those without infarction. 

In the rats without infarction receiving captopril. 
survival was quite similar to that in the untreated rats 
without infarction (figure 3, A). In contrast, all capto- 
pril-treated rats w\tb infarctions demonstrated a re- 
duced 1 year mortality rate (p *= .01) compared with 
untreated rats with infarction (figure 3, B). The median 
survival for the entire group of rats with infarction was 
197 days for the untreated animals and 260 days for the 
captopril-trcatcd group. This improved survival of the 
captopril-treated rats was observed uniformly across 
all infarct size groups, although the difference was not 
always statically significant within each subgroup 
(figure 4). The .overall 1 year mortality for rats with 
small (fj-% to" ,19.9%) infarctions did not differ (p = 
,23) in treated and untreated groups (figure 4, A), In 
contrast; fats wiih moderate (20% to 39,97fe) in- 
farctions treated with captopril exhibited a marked 
improvement Mcp = .02) in 1 year survival compared 
with untreated rats (figure 4, 5). Although there was 
an initial trend toward improved survival in rats with 
large (S40%yinfarction5 receiving captopril, a long- 
term beneficial effect was not sustained (p = .24) 
(figure 4, p." 

Censoring of results in rats with thoracic infections 
was performed to reduce the confounding influence of 
a potential noncardiac cause of mortality. The inci- 
dence of gre^ie 3 jupfeciions (an infection likely to ac- 
count for death) did not differbetween treatments or 
infarct size groups. Indeed, censoring for high-grade 
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MOM - 1 N FARCTED '■■ . 
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40 



« 20 




61 \ZZ 163 243 504 3S5 
DAYS POST-ML,^ { 

V*, r >VVf^i;i 

ALL INFARCTS^ 




"122^ 793" 2*3 304 
DAYS POST- MI * 
FIGURE 3, * Survival oFunirctKcd <H ; 0) and captoprU-ireate- ;CA P» 
animals th« underwent operation but did not su*i»in myocardial info^ 
lion. No difference* were Observed beiwecn therapy Rroup*- Titf mcot- 
an survival for both groups was undefined since it vas yeaie/ rt^ the 
365 day observation period, 0. Survival of; 311 untrcwed tMiO) and 
captopriUrcaied (CAF7 animals tnat sustained myocardial infusion, 
Survival for inftfClOd animal* receiving capiopril wa^prplong^ . 
pared wim that in untrcnicd raiG ( P < .02)- The median survival for the 
unirwtcd rata w« 5 187 days and thui in.CAP unimils was 260 days. 

thoracic infections actually reinforced the relationship 
between increasing size of infarction and recced mor- 
tality and the beneficial effects of captoprll therapy in 
rats with chronic myocardiaiinfirciiOT^ uss 
of this censored analysis the median survival for rats 
without infarcts and those .with^smallvinfarcts in both 
therapy groups was undefined (greater than the 365 
day observation period). In rats with moderate infarcts 
the median survival was 228 d ay s^for the f untreated rats 
and greater than 365 for the captopril-tre^ted rats. The 
median survival for rats with large infarcts w^s un- 
changed by therapy (untreated 184 dayVand <-aptcnri- 
treated 205 days). 



Discussion ^ r 1 

Therapy for heart failure has fovw>t4'6n : the relief of 
symptoms of congestion by the r^stri^io^f physifcai 
activity and dietary sodium intake . and^hc^SP of phar- 
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FIGURE 4- Survival of untreated (H a O) and ceptopril -treated (CAP) 
rut* with small (A), moderate W. or large (O infarctions, in the small 
infarct groups mc median survival 3*) dnya and tot in the untreated 

and CAP grout/: was undefined (greater than me 365 day o^ervurion 
period)* in the mvdcptfo infarct group the median survival u/as 228 and 
329 days for the untreated and CAP rats, respectively. la One large 
infarct groups the median survival was 146 and 151 days for flte unseat- 
ed ?na capcopril-trewcd rata. r*3pecUvely. 

macologic agents such as diuretics, Cardiac glycosides 
are also widely used for the treatment of heart failure, 
although -ineir efficacy in patients with sinus rhythm 
has been questioned. Vasodilating drugs recently have 
been introduced as adjunctive therapy in patients with 
congestive bean failure because of che hemodynamic 
improvements observed during their short-term adrnin- 
iteration. Although long-term beneficial hemodynamic 
responses to vasodilators have not been observed uni- 

d09 
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coronary artery ligation. By this time the acute inflam- 
matory pr cess of infarcti nisov r and scar formation 
is complete 24 N n of the deaths within the observa- 
tion period was associated with hemothorax, an indica- 
tor of myocardial rupture. 

An excellent balance of infarct sizes between the 
untreated and captopril-treated groups, was achieved 
by the randomization process. TTie sury^al^pf the rats 
without infarction from both 'treatmeVt-^oupf. was 
identical (figure 3, A). When all infarcted animus 
were pooled separately for each treatment, the survival 
of the captopril-treated group was Superior tc lhac of 
the untreated cohort (figure 3, B). Sur^Ussilication 
according to size of infarction^ reveafedi^hat this pro- 
longation of survival was notdiSkifeujed uniformly 
across all infarct size groups. The rats -with small in- 
farcts made up the smallest number of animals with 
infarction and a log-rank test did not reveal a differ- 
ence in survival between the treatment 3«>ups- in con " 
trast, in the rats classified as having Sab^eVate in^trc- 
tions there was a prolongation of^survival in tU*; 
animals allocated to the captopril group (figure 4, , 
Of note is the fact that this difference in survival was 
observed primarily in the late period after the ^peri- 
mental infarction: the captopril-treated^n0ais d\d riot 
demonstrate the late monality th|rwes curved m ihe 
untreated group. In the rats withla-ge^ 
farctions there was no overall' |uv 7|yal 
during the I year observation, "panpd av>a. & though 
there appeared to be an early prp^ngaik^n of W; vival 
in the captopril-treated animals? ttiis '\reni* ; vas not 
sustained over the predetcrniincd^obscrvarion period. 

This study was designed with |orarmprtality as the 
single end point; however; at s€i^lifa&lysis was per- 
formed in which results in animate with overt thoracic 
infections were censored. The 'elimination of these 
data from the analysis only served to LUrengthen all of 
the above conclusions. - 

This study demonstrates that survival's reUusd to 
size of myocardial infarction and that ;iqn^- tefe captt- 
pril therapy can prolong the survival of 4 animals with 
healed myocardial infarction and Jeft vent* icuiar dys- 
function. The most benefit from * drug jherapy With 
respect to survival was noted in^animaj^ 
tions of moderate size. This agreement with r> 
suits of our prior study of th"e\etfefe'^ 
captopril therapy on ventricular performance and j- 
tary size, in which rats widrexterisiVe infarctions rfcnL- 
onstrated minimal hemodynamic benefit from long- 
term therapy. The implication bf^the^e results H that in 
severe hean failure it may be^nreallstic to anticipate 
that captopril therapy w«l prol^siw^Wal.^Iowever, 
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this animal study underscores the need for a clinical 
evaluation of captopril in pati nts with less sev re ven- 
tricular dysfunction. Indeed, an important implication 
of this study is that captopril therapy may be effective 
inprol nginglifeif instituted early in th course of left 
ventricular dysfunction after myocardial infarction and 
possibly in patients with other forms of early conges- 
tive heart failure. 
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review of the manuscript. The statistical consultation provided 
by Dr. James Anderson and Ms. Harriet F. Peterson, M.S., of 
ihe Hoivard School' of Public Health is gratefully acknowl- 
edged-Data organization and analysis was assisted by the 
CLINFO data management and analysis system at Brigham and 
Women's Hospital, Boston, supported by GCRC No. 5 MOl 
RR00888-10£LR. Wc thank Mrs. Angela Perry for her secre- 
tarial assistance in the preparation Of inis manuscript. Captopril 
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